Objectives: This study aimed on analyzing vitamin D serum levels and its impact on oocyte quality in patients undergoing in vitro fertilization (IVF) procedures at a human reproduction laboratory located in Curitiba, Brazil. Methods: This article is an observational cross-sectional study of retrospective data collected from the medical history of patients that have undergone IVF treatment between January 2015 and December 2015 in a specialized clinic (Clínica de Reprodução Dr. Ricardo Beck da Maternidade Curitiba) located in Curitiba, Brazil. Different vitamin D levels where compared with a variety of oocyte qualities and in vitro cleavage percentage. Results: We identified a prevalence of deficient (≤ 20 ng/mL) and insufficient (21-29 ng/mL) vitamin D levels among the patients in this study. No evidence was found that could confirm an effect of vitamin D on oocyte quality or in vitro cleavage percentage. Conclusion: Age has been shown to be an important factor in altering the number of oocytes available after pharmacological induction and oocytes with adequate quality for implantation at the end of the in vitro cycle. Due to the importance of the subject, further studies are essential for a better understanding of the effect of vitamin D on human fertility and IVF procedures.
Introduction
Vitamin D is essential for a variety of bodily functions, and its insufficiency may be related to the physiopathogenesis of many known diseases. 1 Vitamin D deficiency is frequent in most countries and is considered a health issue in the whole world. [1] [2] [3] The American Society of Endocrinology suggests the following reference range of 25-hydroxyvitamin D [25(OH)D], the circulatory form of vitamin D: deficiency ≤ 20 ng/mL, insufficiency 21-29 ng/m, and land sufficiency ≥ 30 ng/mL. 4 Although the ideal serum levels of 25(OH)D are controversial, the most authors agree that levels of < 30-32 ng/ml describe a deficit in vitamin D. 5, 6 Among many dysfunctions of the human's body that low vitamin D can cause, it is relevant to bring attention to its interference in sexual reproduction. The relationship between vitamin D shortage and human reproduction was initially shown in experiments using lab rats. 7, 8 An experimental study conducted by Halloran and collaborators shows that female rats that were fed with low vitamin D diets had a 75% reduction in fertility and 30% reduction in pregnancy rates. 9 Other studies analyzed the effect of vitamin D deficiency on in vitro fertilization (IVF) procedures. The results demonstrate an increase in the rate of implantation and IVF success in patients with adequate 25(OH)D levels when compared to patients with inadequate levels of 25(OH)D. 
Objectives Primary objective
To analyze 25(OH)D serum levels in patients submitted to IVF treatment at a human reproduction laboratory located in Curitiba, Brazil.
Secondary objective
To evaluate the oocyte quality and in vitro cleavage success and compare these results to vitamin D levels in each patient group.
Methodology
This article is an observational cross-sectional study of retrospective data collected from the medical history of patients that have undergone IVF treatment between January 2015 and December 2015 in a specialized clinic (Clínica de Reprodução Dr. Ricardo Beck da Maternidade Curitiba) located in Curitiba, Brazil.
The inclusion criteria were as follows: all medical records of patients presented a complete history of the IVF procedure, including a complete record on the evolution of the eggs in the laboratory and vitamin D dosing before the beginning of the procedure. Exclusion criteria were as follows: patients who did not present 25(OH)D serum level results; incomplete charts that did not present a report containing all the characteristics of the fertilization and embryo divisions accompanied by the evolution during the IVF procedure; the cause of infertility was due to the male factor or when the semen used was not of appropriate quality for successful fertilization. After applying all exclusion factors, 36 medical records where included in this study.
Data collection was conducted during a four-month period (May 2016 -August 2016). Data were organized using Microsoft Excel  software and analyzed using Kruskal-Wallis test followed by Dunn's test, which are normally used for the comparison of three or more groups.
Results
In 39 medical records that where analyzed, patients' age ranged from 28 to 45 years with an average of 36 years. These data are included in Table 1 .
When analyzing the dosage of vitamin D regardless of age, nine (25%) patients had poor vitamin D levels, 18 (50%) patients had insufficient vitamin D levels, and nine (25%) patients had sufficient vitamin D levels.
Considering the total number of patients, an average value of vitamin D serum levels obtained was 27.7 ng/mL (standard deviation 9.8 ng/mL; minimum 12 ng/mL; maximum 65 ng/mL). These data can be found in table 2.
To better understand and analyze the results, we divided the patients into three main groups according to their age. In group 1, 17 (47.2%) medical records of patients who were 28-34-years-old were included. In group 2, nine (25%) medical records of patients aged between 35 and 39 years were selected. In group 3, 10 (27.8%) patients over the age of 40 years were included. Table 3 shows the comparison of the three main groups according to the patient's age, group, and nine subgroups based on vitamin D levels ( Table 3) .
Of the 17 patients in group 1, five presented with vitamin D deficiency (VDD), seven presented with vitamin D insufficiency (VDI), and five presented with sufficient vitamin D (VDS) levels. Of the nine patients in group 2, two presented with VDD, five presented with VDI, and two presented with VDS. In group 3, we had a total of 10 patients: two with VDD, six with VDI, and two with VDS (Table 3 ).
In Tables 4 and 5 , the variables used in the cross-over between the three groups are shown, including arithmetic mean, standard deviation, median, minimum, and maximum. These data were collected to analyze the quality of the material in vitro and subsequently to correlate them with the age of the patients and their vitamin D dosage. Among all patient groups, the mean number of aspirated oocytes was 6.6. The number of atretic oocytes, those that did not evolve well, is counted on the first day in vitro, soon after insemination. During the analysis of atretic oocyte data, an average of 0.2 was found. Between the first and second day in vitro it is possible to quantify the number of oocytes that degenerated during the natural division process. We obtained an average of 0.4 degenerates. From the second to the third day, the count of oocytes that failed in the division is performed, with an average of 0.2 in our analysis. The last data collected in this study was termed the "success rate of the in vitro division", which means the number of oocytes that completed their division successfully during the in vitro period and were presented as a viable material to be transferred to the maternal uterus. The mean of successful division rate was 5.8 (standard deviation 3.1; median, 5.5; minimum 0; maximum 12) oocytes with transfer quality (Table 4) .
After crossing the data of the first five variables within the three age groups, we observed the quantification of aspirated oocytes. In group 1 we obtained a mean of 7.9 (standard deviation, 3) oocytes. In group 2, a mean of 7.1 (standard deviation, 3.5) oocytes was obtained. In group 3, the mean was 4 oocytes (standard deviation, 2). Among the three groups, there was a statistically significant difference (p = 0.008), group 1 being the one with younger patients aged between 28 and 34 years, which showed a higher number of oocytes aspirated after induction. The number of oocytes aspirated in group 1 was considerably higher than in group 3 (49.3% higher). These results demonstrate that the response to induction medication, which is production of oocytes by the ovary, was higher in younger patients (Table 5) .
Next, the data were compared between the first five variables within each age group and among the subgroups (Table 5) .
When analyzing the number of atretic oocytes on the second day in vitro, a mean of 0.3 (standard deviation, 1) oocytes was reported in group 1, 0.8 (standard deviation, 1.1) oocytes in group 2, and 0 (standard deviation, 0) oocytes in group 3. However, no statistically significant difference was present between the groups. Non-divided oocytes on the third day in vitro had a mean of 0.4 (standard deviation, 0.5) oocytes in group 1, 0 (standard deviation, 0) oocytes in group 2, and 0.2 (standard deviation, 0.6) oocytes in group 3. However, no statistically significant difference was present between the groups. The division rate quantified an average of 6.8 (standard deviation
The results of analysis of vitamin D levels based on the five previously presented variables can be found in Table 9 .
When evaluating the amount of atretic oocytes on the first day in vitro, in the VDD group (≤ 20 ng/mL), the mean was 0 (standard deviation, 0) oocytes. In the VDI group (21-29 ng/mL), the mean was 0.1 (standard deviation, 0.2) oocytes. In the VDS group (≥ 30 ng/mL), the mean was 0.7 (standard deviation, 0.9) oocytes. The results presented statistical significance (p = 0.008). The data point to a higher number of atretic oocytes in patients with adequate levels of vitamin D (Table 9 ). 
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Discussion
Women fertility declines from the age of 30 years, and there is a 50% reduction in gestation from the age of 40 years. Moreover, during reproductive life, oocyte numbers decrease rapidly as oocyte quality changes. 11 The European Society of Human Reproduction and Embryology (ESHRE) recognizes age as an accurate marker for assisted reproduction gestation rate. 12 The mean age of the patients in this study was 36 years, with the majority being 30 years or older. We analyzed the results from three main age groups, since it is a fundamental criterion in human reproduction. We then compared each group based on the levels of vitamin D.
The American Society of Endocrinology suggests the following 25(OH)D reference values to quantify and classify body vitamin D levels: deficiency ≤ 20 ng/mL, insufficiency 21-29 ng/mL, and ideal/sufficient ≥ 30 ng/mL. 4 Based on this classification we analyzed vitamin D dosage in patients submitted to IVF. In our study, 25% of patients had VDD, 50% had VDI, and 25% had VDS. There was a significant difference between vitamin D dosages in each patient submitted to the IVF procedure.
When separated by age groups, with vitamin D results classified as sufficient, we obtained only five of the 17 patients between the age of 28 and 34 years; two of the nine patients between the age of 35 and 39 years; and two out of 10 aged 40 years or over. Regarding vitamin D results by age group, there was no significant difference in the vitamin D ratio. There was a higher prevalence of insufficient and deficient vitamin D values. We can attribute this high index of vitamin D deficiency and insufficiency to environmental factors, such as low sun exposure and lower incidence of sun rays in the southern hemisphere, since most patients in the study reside in the state of Paraná, a state located in the south of Brazil. However, the Panffoni et al. study described a higher vitamin D value in the group of patients who were younger. 13 In assisted reproduction procedures, the quality of oocytes is more relevant than the quantity of oocytes when considering the success rates or gestation rates. However, there is no objective and direct method that evaluates oocyte quality; therefore, indirect markers are used. Among these, age as being indicated as one of the most important markers. Age is considered to be a better marker than follicle-stimulating hormone levels for gestation and implantation rate as well as for abortion. These parameters ultimately reflect oocyte quality. 11 It is known that pregnancy rate increases with the number of embryos transferred, and the implantation rate correlates positively with good morphology and embryonic cleavage stage. 14 Regarding the number of oocytes aspirated compared to age groups, the older patients obtained fewer aspirated oocytes. This result is consistent with the literature, since we already know that there is a greater efficiency of fertilization processes in younger patients. 15 In this work, age was a factor influencing the quantity of oocytes with good transfer quality. This result is confirmed by the literature, since several characteristics of oocytes change with age, which confers a lower quality to the germinative material produced by the older patients. 15 We noticed a subtle difference between the number of oocytes produced in the different vitamin D groups. Although not achieving statistical significance, the results may suggest a greater response to induction in patients with adequate levels of vitamin D. Comparing with another study, the number of oocytes aspirated between patients with adequate and insufficient vitamin D was not significant. Contrary to our results, the mean number of oocytes in the adequate vitamin D group was 7.9, and it was 0.2 higher than that in the insufficient vitamin D group. 13 The less satisfactory results observed in techniques of assisted reproduction in women over 40 years are due to the reduction in implantation rates, increase in the rates of spontaneous abortions, low response to the process of ovarian stimulation, and poor quality of oocytes collected. 16 It is expected that improved understanding of oocyte genetics and the way it contributes to embryo viability may provide new indicators that are capable of directly assessing oocyte quality. Some studies suggest that the levels of serum 25 (OH) D as a marker of vitamin D levels may be a predictor of pregnancy in women undergoing the IVF treatment. However, they claim that the mechanism of action of vitamin D in fertility is unclear. In our study, regarding different vitamin D levels in patient groups, the only result with statistical significance was obtained during the analysis of atretic oocytes on the first day in vitro. Different than expected, patients with sufficient vitamin D had a higher mean number of atretic eggs. Therefore, although there was a good dosage of vitamin D in the patients, this was not a factor that helped in this stage of IVF. In the future, studies should focus on determining this mechanism, including an evaluation of the characteristics of the germ material in the laboratory, implantation process, and uterine adaptation to pregnancy. Studies should also cover how vitamin D supplementation can positively affect the outcomes of the IVF procedure. 8 In contrast to studies correlating the success of IVF and vitamin D, there is a study that examined 517 patients and showed no relationship between vitamin D levels and higher pregnancy rate in women who went through the IVF treatment. The article also concludes that measuring vitamin D levels is not able to predict the chances of the egg implantation in the uterus, but that these results may be different for women who are not undergoing assisted reproductive therapy.
An increasing number of studies suggest that vitamin D levels in each individual may negatively impact reproductive functions. 8, 17, 18 However, the paucity of prospective interventional studies and studies that define the mechanism by which vitamin D actually affects reproductive physiology emphasizes the need for further studies with clinical trial design. The pathological mechanism that explains the influence of vitamin D deficiency in reproductive stages is not yet clear, but some evidence suggests that it has a multifactor basis, involving hypothalamic-pituitary regulation, ovarian folliculogenesis, and uterine implantation. 13 Some animal studies demonstrated this relationship, but control case studies are needed to establish the influence of vitamin D on the chances of pregnancy. 9, 13, [17] [18] [19] [20] In our study, it was not possible to find a relationship between vitamin D and oocyte quality in vitro. However, vitamin D supplementation is inexpensive, easy to administer, and without significant side effects. Since any adjuvant in the treatment can be beneficial and the success in assisted reproduction is extremely sought by the patients, it is valid to consider the replacement of this vitamin within the IVF treatment.
Conclusion
There was a significant difference between vitamin D dosages in the patients submitted to the IVF procedure, with a high prevalence of deficient and insufficient vitamin D. We found no evidence of a significant effect of vitamin D on oocyte quality, success rate of in vitro division, and IVF process as a whole. Age was shown to be an important factor in the number of oocytes produced by the ovaries after induction and in the number of quality eggs implanted at the end of the in vitro cycle. Due to the importance of the topic for health professionals and the impact on the lives of couples suffering from infertility, it is critical to expand studies that will produce a greater understanding of vitamin D effects on women fertility and the IVF procedure.
